Background Although precise ulna-shortening osteotomy is popular, the procedure sometimes results in delayed union or nonunion. The periosteum including the inner cambium layer plays an important role in fracture healing. We tested the hypothesis that preservation of the corticoperiosteal attachment may accelerate healing at osteotomy sites after ulnashortening osteotomy. Methods We performed a chart review of 32 patients who underwent ulna-shortening osteotomy for ulnar impaction syndrome or triangular fibrocartilage complex tears in a retrospective single-surgeon series. Of the 32 cases, the periosteum was preserved in 21 osteotomies performed from April 2009 onwards (periosteum-preserved group) and not preserved in 11 osteotomies performed before April 2009 (control group). Following sugar tong immobilization, patients in both groups used a short wrist supporter during the first two postoperative weeks (POW) and up to at least four POW. Union of the osteotomy site was assessed at 2-week intervals using radiographs taken at three different projections until 12 POW and at 4-week intervals thereafter until 24 POW. Ulna shortening was performed using a transverse osteotomy cut with the aid of a commercially available compression device. Results All osteotomies achieved complete union except in one case in the control group. The mean interval to complete cortical union was 7.7 weeks in the periosteum-preserved group and 9.5 weeks in the control group. The corresponding mean times for endosteal union were 15.6 and 21.8 weeks. The periosteum-preserved group had reduced times for both types of union but only the endosteal union time was significantly different from the control group. Conclusions Preservation of the corticoperiosteal attachment significantly shortened the endosteal union time. Our results indicate that preservation of the periosteum may accelerate bone healing after ulna-shortening osteotomy.
Introduction
Ulna-shortening osteotomy has become a popular treatment for a variety of ulnar-sided wrist disorders [1] [2] [3] . The prevalence of delayed union or nonunion following ulnarshortening osteotomy is a serious problem that cannot be ignored, especially in smokers [4, 5] . Early and stable bone union following precise measured ulnar-shortening and reliable compression across the osteotomy site seemed to be an essential element during this procedure.
The periosteum is a condensed, highly vascular, fibrous outer layer that is bound to bone through Sharpey's fibers. The inner cambium layer contains osteoprogenitor cells that differentiate into osteoblasts during growth or repair of bones. It is well known that bone morphogenetic proteins (BMPs) in the cambium layer induce differentiation of osteoprogenitor cells into osteoblasts or chondrocytes. Because of these osteogenic capabilities, the periosteum plays an important role during fracture healing, skeletal growth, and bone lengthening. Recent research showed that periosteal cells are the major source of cells for soft callus formation during fracture healing [6] . In recent clinical papers, free vascularized grafts from the medial femoral condyle harvested as either thin periosteal or corticoperiosteal grafts were useful in the treatment of nonunion of the ulna, metacarpals, clavicle, tibia, humerus, mandible, and scaphoid [7] [8] [9] [10] [11] .
The anterior and posterior interosseous arteries are the only suppliers of vascular branches to the ulna diaphysis [12] [13] [14] . The anterior interoseous artery is the main feeding artery of the osteotomy site of the ulna. In ulna-shortening osteotomy, it is common to compress the osteotomy site with plate to enhance osteosynthesis. In the classical fracture fixation by plate, we bend the plate slightly before attaching it to the bone. By this technique, we are able to compress the osteotomy site at the opposite side of the plate, enhancing the bone healing. Therefore, it seemed to be biomechanically important to leave the cortex at the radial aspect of the ulna with interosseous membrane as vascular supply. We hypothesized that preservation of periosteal tissue and corticoperiosteal attachment at radial side would accelerate healing at the osteotomy site after an ulna-shortening procedure.
Patients and methods
We performed a retrospective chart review of 32 patients who underwent ulna-shortening osteotomy for ulnar impaction syndrome or triangular fibrocartilage complex tears. The present study was approved by the local institutional review board and informed consent was obtained from each patient according to guidelines based on the revised Declaration of Helsinki.
Of the 32 cases, the periosteum was preserved in 21 osteotomies (periosteum-preserved group) and was not preserved in 11 osteotomies (control group). The characteristics and outcomes of the two groups were compared. Patient demographics are shown in Table 1 . We analyzed 32 consecutive ulna-shortening osteotomies performed for 12 female and 20 male patients (mean age 54 years). All patients were treated by the same surgeon with a minimum follow-up of 9 months and mean of 12 months. Twelve patients had a history of smoking before surgery. This relatively new surgical technique involving preservation of corticoperiosteal attachment was started on April 2009, so the control group and the periosteum-preserved group comprised of patients who underwent surgery before and after April 2009, respectively.
Mean age and mean length of shortening were not different between the two groups.
We have been performing ulna shortening using a transverse osteotomy cut with the aid of a commercially available compression device (Mizuho Medical Co., Ltd.). The osteotomy is fixed with a dynamic compression plate. T h e t e c h n i q u e , w h i c h a i m e d t o p r e s e r v e t h e corticoperiosteal attachment, is shown in Fig. 1 . In Fig. 1a , only the flexor carpi ulnaris (FCU) muscle covering the volar side of the ulna was retracted, and the deep surface of the fascia was left. A plate was clamped to the volar aspect of the ulna on the fascia. Two screws secured the plate to the bone at the most distal hole, with the oblong "sliding" hole at the proximal side of the osteotomy. This second screw hole permitted alteration of the plate direction, shortening by using the sliding hole, and fixation of the compression device. At this point, the area to be shortened was determined and was shown as the marked area in Fig. 1b . As shown in Fig. 1c and d, the first screw is minimally loosened and the plate was rotated distally to allow the surgery to proceed. The periosteum was preserved circumferentially as much as possible by using a sharp knife and osteotome. Finally, the cortex at the deepest opposite site was cut longitudinally so that a proximal bone spike remains after shortening. Figure 1e and f showed how parallel shortening osteotomy was performed using a micro bone saw and cooled saline to prevent thermal bone necrosis. In Fig. 1g , slight continuity of the ulna was apparent at the deepest and reverse side away from the surgical view in most of the cases. The most distal site was cut by chisel to make the proximal bone spike. Figure 1h showed how two screws were placed again to prevent bone shifting during compression. At this point, the second hole was used to fix the compression device using a reusable screw. Finally, under compression, the four final screws in the plate, including the replacement of the reusable screw, were placed starting from the proximal hole. In the control group, ulna bone was exposed using the periosteum raspatory. Shorting procedures with the commercially available device were not different between the two groups.
Patients in both groups underwent sugar tong immobilization during the first two postoperative weeks (POW). Afterwards, a short wrist supporter was applied until at least four POW. Medical treatments, such as low-intensity pulsed ultrasound (LIPUS) and drugs affecting osteoclasts or osteoblasts, which affect bone healing, were not used during the 3 months after surgery. In the control group, LIPUS was used in three patients (Cases 4-6 in the control group, Table 1 ) because of delay in complete bone union at 3 months after surgery. In the control group, one patient (Case 6 in Table 1 ) had a second operation with placement of a long plate for screw loosening due to delayed union at 6 months after surgery. The data of the second operation is shown in Table 1 .
Union of the osteotomy site was assessed using radiographs taken at three different projections at 2-week intervals in the first 12 POW and about every 4 weeks thereafter until 24 POW. Union on radiograph films was assessed by viewing at least one of the three radiograph projections and interpreted by two senior surgeons (YH, NH). Union was diagnosed when both of them found signs of union on the radiographs. Complete cortical union was defined as the presence of a periosteal reaction that completely bridged the cortical interruption ( Fig. 2d) . Endosteal union was shown by the gradual disappearance of the osteotomy line due to replacement by a zone of increased density formed by endosteal callus. Complete endosteal union was defined as the complete replacement of the osteotomy line by a zone of increased density (Fig. 2e ).
The two groups were statistically compared using unpaired t tests, Fisher's exact test, and the chi-square test. A P value< 0.05 was considered significant. Tables 1 and 2 . The proportion of smokers was higher in the periosteum-preserved group than in the control group with no significance (P=0.1389). In the control group, there were three patients who underwent LIPUS for delayed bone union at 3 months after surgery. Other parameters including mean age and mean length of ulnar shortening did not differ between the two groups.
Results

Results are shown in
In the control group, there were three patients with delayed unions who received LIPUS at 3 months after surgery, one of whom underwent a second operation for implant failure 6 months after the first operation. There was neither delayed union nor nonunion in the periosteum-preserved group. Complete union after osteotomy was achieved except for one case in the control group. Union rates were 100 and 92 % in the periosteum-preserved group and in the control group, respectively, which were not significantly different.
Mean time required for complete cortical union at the osteotomy site was 7.7 weeks in the periosteum-preserved group and 9.5 weeks in the control group. Application of the periosteum-preserved technique tended to accelerate cortical union (P=0.08) but results did not reach statistical significance. Mean time for endosteal union was 15.6 weeks in the periosteum-preserved group and 21.8 weeks in the control group; this difference was significant (P=0.03).
Discussion
The complication of delayed or nonunion following ulnashortening osteotomy is a serious problem that cannot be ignored. Plate prominence is minimized by utilizing the volar surface of the ulna, although plate prominence and subsequent need for hardware removal remain a relatively common complication. These delayed unions or refractures through the osteotomy site after plate removal are serious complications of this procedure. These complications are not well documented in the literature and should be emphasized when consent is received for this procedure [4, 5] . Our present procedure that preserves living periosteal tissue seemed to be advantageous in preventing these complications by enabling early, vigorous, and stable bone union.
Studies report that smoking clearly delayed bone union after ulna-shortening osteotomy [4] , and LIPUS significantly accelerated bony union after ulna-shortening osteotomy [15] . Despite a large number of smokers (and therefore a greater possibility of delayed union of the ulna) in the periosteum- Fig. 1 Ulna osteotomy technique that preserved the corticoperiosteal attachment. a Only the flexor carpi ulnaris (FCU) muscle covering the volar side of the ulna was retracted and the deep surface of the fascia was left. b At this point, the area to be shortened was determined and was shown as the marked area. c, d Using a sharp knife and chisel, the periosteum was preserved circumferentially as much as possible. The cortex at the deepest opposite site was cut longitudinally so that a proximal bone spike remains after shortening. e, f Parallel shortening osteotomy was performed using a micro bone saw and cooled saline to prevent thermal bone necrosis. g Slight continuity of the ulna was apparent at the deepest and reverse side away from the surgical view in most of the cases. The most distal site was cut by chisel to make the proximal bone spike. h The photograph showed the compression process. Under compression, the four final screws in the plate, including the replacement of the reusable screw, were placed starting from the proximal hole Table 1A ). Radiographic bone union was achieved, starting peripherally and moving centrally. a preoperative; b immediately after surgery; c after 6 weeks; d after 12 weeks (cortical union); and e after 20 weeks (endosteal union) preserved group, there was a positive trend in early callus formation, but the relationship is not statistically significant in cortical union. Finally, the time to complete bony union was faster and the time to endosteal union was significantly faster in this group compared with the control group that received conventional treatment.
Berggren et al. demonstrated experimentally that preservation of the periosteal blood supply alone, but not the medullary blood supply, can result in complete bone graft survival, even when the graft is placed in a poorly vascularized tissue bed [16] . In a clinical prospective study, Vegas et al. showed that periosteum only and corticoperiosteal microvascular transfers from the medial femoral condyle were both effective on the acceleration of bone healing [17] . Periosteal cells are reported to be a major source of soft callus in bone fractures [6] .
The main feeding artery of ulna at osteotomy site is the anterior interosseous artery from the dorsoradial aspect of the ulna [12] [13] [14] . Our procedure preserves the dorsal surface of the ulna by retracting only the FCU muscle covering the volar side of the ulna and by leaving the deep surface of the fascia in place. In this study, we observed the bone union from the cortex at the site of dorsoradial aspect of the ulna. Preservation of the dorsoradial aspect of the ulna with interosseous membrane may be critical for early bone union because it allows vessels to supply blood to the osteotomy site and extends the contact area between the gaps of the shortened ulna.
Therefore, we speculate that shortening osteotomy with preservation of the outer layer including periosteal tissue accelerates cortical union more efficiently than endosteal union. However, our results showed that the periosteumpreserved group had significantly reduced times for endosteal union but not for cortical union. These results may reflect the limitations of this study, which include the small number of cases and assessment using radiographic evaluation alone. If the sample size has increased or other measurements to detect soft callus (i.e., MRI, Ultrasonography) has applied, the faster callus formation at the early stage could be detect with significance. We believe soft callus formation at an early stage after surgery was enhanced by this periosteal preservation technique.
Preservation of corticoperiosteal attachment significantly shortened the time for endosteal union. Our results indicate that preservation of the periosteum may accelerate bone healing after ulna-shortening osteotomy.
